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$%675$&7
:HGHPRQVWUDWH DQ DTXHRXV RUJDQLF DQG RUJDQRPHWDOOLF UHGR[ IORZ EDWWHU\ XWLOL]LQJ UHDFWDQWV
FRPSRVHGRQO\RIHDUWKDEXQGDQWHOHPHQWVDQGRSHUDWLQJDWQHXWUDOS+7KHSRVLWLYHHOHFWURO\WH
FRQWDLQV ELVWULPHWK\ODPPRQLRSURS\OIHUURFHQH GLFKORULGH DQG WKH QHJDWLYH HOHFWURO\WH
FRQWDLQV ELVWULPHWK\ODPPRQLRSURS\O YLRORJHQ WHWUDFKORULGH VHSDUDWHG E\ DQ DQLRQ
FRQGXFWLQJ PHPEUDQH SDVVLQJ FKORULGH LRQV %LVWULPHWK\ODPPRQLRSURS\O IXQFWLRQDOL]DWLRQ
OHDGV WR a0 VROXELOLW\ IRU ERWK UHDFWDQWV VXSSUHVVHV KLJKHU RUGHU FKHPLFDO GHFRPSRVLWLRQ
SDWKZD\V DQG UHGXFHV UHDFWDQW FURVVRYHU UDWHV WKURXJK WKHPHPEUDQH8QSUHFHGHQWHG F\FOLQJ
VWDELOLW\ZDV DFKLHYHGZLWK FDSDFLW\ UHWHQWLRQ RI F\FOH DQG GD\ DW D 0
UHDFWDQWFRQFHQWUDWLRQ LQFUHDVLQJWRF\FOHDQGGD\DW±0WKHVH
UHSUHVHQWWKHKLJKHVWFDSDFLW\UHWHQWLRQUDWHVUHSRUWHGWRGDWHYVWLPHDQGYVF\FOHQXPEHU:H
SRLQWRXWRSSRUWXQLWLHVIRUIXWXUHSHUIRUPDQFHLPSURYHPHQWLQFOXGLQJFKHPLFDOPRGLILFDWLRQRI
D IHUURFHQH FHQWHU DQG UHGXFLQJ WKH PHPEUDQH UHVLVWDQFH ZLWKRXW XQDFFHSWDEOH LQFUHDVHV LQ
UHDFWDQW FURVVRYHU 7KLV DSSURDFK PD\ SURYLGH WKH GHFDGDO OLIHWLPHV WKDW HQDEOH
RUJDQLFRUJDQRPHWDOOLFUHGR[IORZEDWWHULHVWREHFRVWHIIHFWLYHIRUJULGVFDOHHOHFWULFLW\VWRUDJH
WKHUHE\HQDEOLQJPDVVLYHSHQHWUDWLRQRILQWHUPLWWHQWUHQHZDEOHHOHFWULFLW\
 
 
7KHUDSLGO\IDOOLQJFRVWRIVRODUDQGZLQGHQHUJ\JHQHUDWLRQKDVSDYHGWKHZD\IRUODUJHVFDOH
DGRSWLRQ KRZHYHU VWRUDJH LV RI FULWLFDO LPSRUWDQFH GXH WR WKH LQKHUHQW LQWHUPLWWHQF\ RI WKHVH
UHQHZDEOH VRXUFHV 6ROLGHOHFWURGH EDWWHULHV VXFK DV /LLRQ DUH FRPPRQ EXW FDQQRW EH
GLVFKDUJHG FRVWHIIHFWLYHO\ IRU WKH VHYHUDO KRXUV
 GXUDWLRQ UHTXLUHG IRU HIIHFWLYHO\ UHJXODWLQJ
ZLQG DQG SKRWRYROWDLF HOHFWULFLW\ SURGXFWLRQ%\ VWRULQJ WKH HOHFWURDFWLYH FKHPLFDO VSHFLHV
VHSDUDWHO\IURPWKHSRZHUJHQHUDWLRQVWDFNLWVHOIDQGSXPSLQJWKHUHDFWDQWVSDVWWKHHOHFWURGHV
ZKHQUHTXLUHGUHGR[IORZEDWWHULHV5)%VDOORZWKHHQHUJ\FDSDFLW\RIWKHHQWLUHV\VWHPWREH
VFDOHG LQGHSHQGHQWO\ RI LWV PD[LPXP SRZHU RXWSXW WKHUHE\ RIIHULQJ WKH SURPLVH RI FRVW
HIIHFWLYHORQJGXUDWLRQGLVFKDUJH
7KHPRVW SRSXODU UHDFWDQW IRU 5)%V LV YDQDGLXP EXW ORZ HDUWK DEXQGDQFH KLJK FRVW DQG
YRODWLOH SULFH OLPLW LWV ZLGHVSUHDG FRPPHUFLDO DGRSWLRQ 0DQ\ RWKHU LQRUJDQLF UHDFWDQW
FRPELQDWLRQVKDYHEHHQVWXGLHGEXWQRQHKDYHSURYHQPRUHFRPSHWLWLYHGXHWRSUREOHPVVXFK
DVUHDFWDQWFRVWFRUURVLYLW\WR[LFLW\VORZNLQHWLFVVROXELOLW\HQHUJ\HIILFLHQF\DQGXQGHVLUHG
VLGHUHDFWLRQV
%\ HPSOR\LQJ VROXWLRQV RI UHGR[DFWLYH RUJDQLF RU RUJDQRPHWDOOLF UHDFWDQWV
LQFRUSRUDWLQJ RQO\ HDUWKDEXQGDQW PHWDOV WKH UHDFWDQW FRVW FDQ SRWHQWLDOO\ EH ORZHUHG
VXEVWDQWLDOO\ZKLOHHOLPLQDWLQJDQ\FRQFHUQVDERXWWKHDYDLODELOLW\RIWKHUHDFWDQWVZKHQDSSOLHG
WRWKHWUXO\ODUJHVFDOHVUHTXLUHGIRUJULGVWRUDJH
,Q DGGLWLRQ WR 5)%V RSHUDWLQJ XQGHU KLJKO\ DFLGLF RU DONDOLQH FRQGLWLRQV VHYHUDO
FKHPLVWULHV KDYH EHHQ UHSRUWHG WKDW RSHUDWH DW QHXWUDO S+ ZKHUH WKH ORZ FRUURVLYLW\ LV
DGYDQWDJHRXV  6HH 7DEOH 6 IRU D VXPPDU\ RI QHXWUDO S+ DTXHRXV RUJDQLF 5)%
FKHPLVWULHV +RZHYHU WKH UHSRUWHG FDSDFLW\ UHWHQWLRQV KDYH VWLOO EHHQ WRR ORZ IRU GHFDGDO
RSHUDWLRQ%HFDXVHFKHPLFDOVWDELOLW\DQGHOHFWURFKHPLFDOVWDELOLW\DUHGLVWLQFWDQGLQGHSHQGHQW
 
PHWULFV WKH FDSDFLW\ UHWHQWLRQ SHU F\FOH UHSRUWHG IURP UDSLG F\FOLQJ H[SHULPHQWV GRHV QRW
DGGUHVVFDOHQGDUOLIHOLPLWDWLRQVZKLFKDUHSDUWLFXODUO\UHOHYDQWIRUPROHFXODUUHDFWDQWV,QWKLV
SDSHUZH UHSRUW D5)%ZLWK WKH KLJKHVW FDSDFLW\ UHWHQWLRQ UDWH WR GDWH YV WLPH DQGYV F\FOH
QXPEHU7KH5)%LVRSHUDWHGLQZDWHUDWQHXWUDOS+XVLQJRUJDQLFDQGRUJDQRPHWDOOLFUHDFWDQWV
WKDW KDYH YHU\ KLJK VROXELOLWLHV a0 LQ ZDWHU DQG GR QRW UHTXLUH DQ\ DGGHG VXSSRUWLQJ
HOHFWURO\WH
7KH QHXWUDO S+ RUJDQLF 5)%V UHSRUWHG WR GDWH XWLOL]HPHWK\O YLRORJHQ 09 PRQRPHUV RU
SRO\PHUVDVWKHQHJRO\WHQHJDWLYHHOHFWURO\WHDQGW\SLFDOO\DQLWUR[LGHUDGLFDOVXFKDV
WHWUDPHWK\OSLSHULGLQ\OR[\O 7(032 LQ PRQRPHULF RU SRO\PHULF IRUP DV WKH SRVLWLYH
HOHFWURO\WH SRVRO\WHZKHUHFKORULGH LRQVPRYHDFURVVDQ DQLRQFRQGXFWLQJPHPEUDQHGXULQJ
RSHUDWLRQ$YHU\ UHFHQW UHSRUW KDV LQWURGXFHGZDWHUVROXEOH IHUURFHQH GHULYDWLYHV)F1&O DQG
)F1%U 7DEOH 6 LQ DQ DOWHUQDWLYH SRVRO\WH IRU S+ 5)%V $OO WKUHH VSHFLHV YLRORJHQ
7(032 DQG IHUURFHQH DUH VXVFHSWLEOH WR GHFRPSRVLWLRQ YLD PHFKDQLVPV WKDW LQYROYH WKH
FROOLVLRQRI WZRRI WKH VDPHPROHFXOH LQ D VHFRQGRUGHUSURFHVV 6HH 6, IRUGHWDLOV DERXW WKH
GHFRPSRVLWLRQPHFKDQLVPV7KLV LVRISDUWLFXODUFRQFHUQEHFDXVHKLJKUHDFWDQWFRQFHQWUDWLRQV
DUH UHTXLUHG LQ RUGHU WR DFKLHYH KLJK HQHUJ\ GHQVLWLHV LQGHHG ZKHQHYHU GLIIHUHQW UHDFWDQW
FRQFHQWUDWLRQV KDYH EHHQ UHSRUWHG IRU WKH VDPH UHDFWDQW FKHPLVWULHV ORZHU FDSDFLW\ UHWHQWLRQ
UDWHVKDYHDOZD\VEHHQREVHUYHGDWKLJKHUFRQFHQWUDWLRQVRIPROHFXODUUHDFWDQWV7DEOH6
:HWKHUHIRUHGHVLJQHGDQGV\QWKHVL]HGELVWULPHWK\ODPPRQLRSURS\OYLRORJHQWHWUDFKORULGH
%70$39L DV WKH QHJRO\WH DQG ELVWULPHWK\ODPPRQLRSURS\OIHUURFHQH GLFKORULGH DV WKH
SRVRO\WH %70$3)F6HH 6, 7KH H[LVWHQFH RI IRXU SRVLWLYH FKDUJHV LQVWHDG RI WZR RQ WKH
FDWLRQLFFRQVWLWXHQW09IRUWKHUHGXFHGIRUPVWKUHHYVRQHIRUWKHFDWLRQUDGLFDO09ZDV
K\SRWKHVL]HG WR UHWDUG JUHDWO\ WKH ELPROHFXODU GHFRPSRVLWLRQ RI %70$39L E\ D PDVVLYH
 
LQFUHDVHLQWKH&RXORPELFUHSXOVLRQEHWZHHQWZRPROHFXOHVFRPSDUHGWR0909$VLPLODU
HIIHFW ZDV K\SRWKHVL]HG DOVR WR LQFUHDVH WKH FKHPLFDO VWDELOLW\ RI %70$3)F FRPSDUHG WR
)F1&O%RWK%70$39LDQG%70$3)FDUHFRPSRVHGRIRQO\HDUWKDEXQGDQWHOHPHQWV
,Q DGGLWLRQ WR WKH LPSURYHG VWDELOLW\ RI ERWK FRPSRXQGV FRPSDUHG WR09 7(032 DQG
)F1&O WKH WZRSRVLWLYHO\FKDUJHGTXDWHUQDU\ DPPRQLXPJURXSV LPSDUW H[WUHPHO\KLJKZDWHU
VROXELOLW\ WR WKH PROHFXOHV )RU LQVWDQFH IHUURFHQH LV FRPSOHWHO\ LQVROXEOH LQ ZDWHU EXW
%70$3)FKDVDVROXELOLW\RI0LQZDWHUDW&%70$39LKDVDVLPLODUVROXELOLW\RI
0 LQZDWHU0RUHRYHU WKHKLJKO\SRVLWLYHO\ FKDUJHG UHDFWDQWV DUH H[SHFWHG WR DOVREHQHILW
IURPUHGXFHGSHUPHDELOLW\DFURVVDQLRQH[FKDQJHPHPEUDQHVWKURXJKHQKDQFHGFKDUJHDQGVL]H
H[FOXVLRQ7KHSHUPHDELOLWLHVRI%70$39LDQG%70$3)F DFURVVD6HOHPLRQ'69DQLRQ
H[FKDQJH PHPEUDQH ZHUH PHDVXUHG WR EH  î íFPVí DQG  î íFPVí
UHVSHFWLYHO\6HH6,7KHVHSHUPHDELOLWLHVDUHWLPHVORZHUWKDQ09ZKLFKZDVPHDVXUHGDW
îíFPVí)URP WKHVHYDOXHV LWZRXOG WDNH DQG \HDUV UHVSHFWLYHO\ IRU WKH
FURVVRYHURI%70$39LDQG%70$3)FWROHDGWRDORVVLQFHOOFDSDFLW\
5RWDWLQJGLVNHOHFWURGH 5'(YROWDPPHWU\PHDVXUHPHQWV VHH 6,RQERWK UHDFWDQWVJDYHD
UHGXFWLRQUDWHFRQVWDQWRIîíFPVíIRU%70$39LDQGDQR[LGDWLRQUDWHFRQVWDQWRI
îíFPVíIRU%70$3)FZKLFKDUHPXFKIDVWHUWKDQFRPPRQLQRUJDQLFVSHFLHVDQGDUH
DOVRIDVWHUWKDQPRVWRWKHURUJDQLFRURUJDQRPHWDOOLFUHDFWDQWVWKDWKDYHEHHQXVHGLQ
5)%V7KHGLIIXVLRQFRHIILFLHQWVIRUWKHWZRUHDFWDQWVZHUHîíFPVíDQGîíFP
VíUHVSHFWLYHO\
)LJXUHVKRZVF\FOLFYROWDPPRJUDPVIRU%70$39LDQG%70$3)F6HH6,:KHQXVHG
LQWKHQHJRO\WHDQGSRVRO\WHUHVSHFWLYHO\LQD5)%WKHH[SHFWHGFHOOSRWHQWLDOLV9:LWK
WKHKLJKVROXELOLWLHVRIERWKHOHFWURO\WHVLQZDWHUWKHWKHRUHWLFDOYROXPHWULFFDSDFLW\LQFOXGLQJ
 
ERWK HOHFWURO\WHV LQ WKH GHQRPLQDWRU LV $K/í DQG WKH WKHRUHWLFDO HQHUJ\ GHQVLW\ LV
:K/í
 
)LJXUH  /HIW &KHPLFDO VWUXFWXUHV RI %70$39L DQG %70$3)F 5LJKW &\FOLF
YROWDPPRJUDPVRI%70$39L EOXHWUDFHDQG%70$3)F UHGWUDFH7KHZDWHUVROXELOLWLHV
DQG UHGXFWLRQ SRWHQWLDOV RI ERWK PROHFXOHV YV WKH VWDQGDUG K\GURJHQ HOHFWURGH 6+( DUH
LQGLFDWHG1RWHWKDWDV%70$39LLVF\FOHGWKHVROXWLRQQHDUWKHZRUNLQJHOHFWURGHLVJUDGXDOO\
GHSOHWHGRIGLVVROYHGR[\JHQ&RQGLWLRQVP0LQ01D&OP9VíVZHHSUDWH7KHQG
WKDQGWKF\FOHVDUHVXSHULPSRVHG
$FHOOVHH6,IRUGHWDLOVZDVDVVHPEOHGXVLQJ0%70$39L LQZDWHUP/DVWKH
QHJRO\WH DQG 0%70$3)F LQ ZDWHU P/ DV WKH SRVRO\WH VHSDUDWHG E\ DQ DQLRQ
FRQGXFWLQJ PHPEUDQH 6HOHPLRQ '69 PP î FP ,Q RUGHU WR SUHYHQW DWPRVSKHULF
R[\JHQ IURP UHDFWLQJ ZLWK HLWKHU HOHFWURO\WH DQG SURPRWLQJ GHFRPSRVLWLRQ E\ UDLVLQJ WKH
VROXWLRQ S+ WKH HQWLUH FHOO ZDV RSHUDWHG LQVLGH DQ DUJRQILOOHG JORYH ER[ %RWK HOHFWURO\WH
VROXWLRQVZHUHDOVRVWLUUHGRYHUQLJKWXQGHUDQDUJRQDWPRVSKHUHLPPHGLDWHO\SULRUWRXVH
7KHUHVXOWLQJQHXWUDOS+DTXHRXV5)%VKRZHGDQRSHQFLUFXLWYROWDJH2&9WKDW LQFUHDVHG
QHDUO\ OLQHDUO\ IURP9 DW  VWDWH RI FKDUJH 62& WR 9 DW 62& )LJXUH 
3RODUL]DWLRQ VWXGLHV FRQGXFWHG DW URRP WHPSHUDWXUH & VKRZHG D SHDN JDOYDQLF SRZHU
 
GHQVLW\RIP:FPíDWDFXUUHQWGHQVLW\RIP$FPí7KHUHODWLYHO\ORZSHDNSRZHUDQG
FXUUHQW GHQVLWLHV ZHUH GXH LQ ODUJH SDUW WR WKH UHVLVWLYLW\ RI WKH PHPEUDQH aȍFP
GHWHUPLQHGE\KLJKIUHTXHQF\HOHFWURFKHPLFDOLPSHGDQFHVSHFWURVFRS\(,6LQWKHIXOOFHOOVHH
6,ZKLFKZDVUHVSRQVLEOHIRUDSSUR[LPDWHO\±RIWKHDUHDVSHFLILFUHVLVWDQFH$65
RI WKH HQWLUH FHOO aȍFP '& SRODUL]DWLRQ %HFDXVH RI WKH KLJK &RXORPELF HIILFLHQF\
±IRUFXUUHQWGHQVLWLHVRI±P$FPíWKHYROWDJHHIILFLHQF\GRPLQDWHGWKH
RYHUDOOURXQGWULSHQHUJ\HIILFLHQF\

 
)LJXUHD&HOOYROWDJHYVGLVFKDUJHFXUUHQWGHQVLW\DW&DW
DQGa62&(OHFWURO\WHVFRPSULVHP/RI0%70$39LQHJRO\WHDQGP/
RI0%70$3)FSRVRO\WHE0HDVXUHGFHOO2&9KLJKIUHTXHQF\$65DQGSRODUL]DWLRQ
$65YV62&F5HSUHVHQWDWLYHJDOYDQRVWDWLFFKDUJHDQGGLVFKDUJHFXUYHVIURPP$FPíWR
P$FPí LQ LQFUHPHQWV RI P$FPí 7KH YHUWLFDO GDVKHG OLQHV LQGLFDWH WKHPD[LPXP
 
YROXPHWULFFDSDFLW\UHDOL]HGZLWKSRWHQWLRVWDWLFFKDUJLQJDQGGLVFKDUJLQJDWWKHLQGLFDWHGYROWDJH
FXWRIIV³SRWHQWLRVWDWLFFDSDFLW\´DVZHOODVWKHWKHRUHWLFDOYROXPHWULFFDSDFLW\G&RXORPELF
HIILFLHQF\YROWDJHHIILFLHQF\DQGURXQGWULSHQHUJ\HIILFLHQF\UHGEOXHRUDQJHWUDFHVOHIWD[LV
DVZHOODVFDSDFLW\XWLOL]DWLRQJUHHQWUDFHULJKWD[LVDVDSHUFHQWDJHRIWKHRUHWLFDOFDSDFLW\IRU
FHOORSHUDWLRQDWGLIIHUHQWFXUUHQWGHQVLWLHV
$QH[WHQGHGFKDUJHGLVFKDUJHVWXG\ZDVSHUIRUPHGWRLQYHVWLJDWHWKHVWDELOLWLHVRI%70$3
9LDQG%70$3)F)LJXUH,QRUGHUWRPLQLPL]HWKHHIIHFWRIR[\JHQRQFDSDFLW\UHWHQWLRQ
VHH6,WKHFHOOZDVFKDUJHGWRa62&DQGP/RISRVRO\WHZDVZLWKGUDZQWKURXJKD
V\ULQJH6HH6,IRUWKHF\FOLQJSHUIRUPDQFHRIDFHOORSHUDWLQJDWDUHDFWDQWPRODUUDWLRLQ
R[\JHQFRQWDLQLQJ DQG R[\JHQGHSOHWHG HQYLURQPHQWV DQG IRU D FRPSDULVRQZLWK09 DV WKH
QHJRO\WHLQVWHDGRI%70$39L7KHFHOOZDVWKHQF\FOHGDWDFRQVWDQWFXUUHQWRIP$FPí
ZLWK D SRWHQWLDO FXWRII RI 9 ZKLOH FKDUJLQJ DQG 9 ZKLOH GLVFKDUJLQJ 7KH DYHUDJH
&RXORPELFHIILFLHQF\GXULQJJDOYDQRVWDWLFF\FOLQJZDV!)LJXUH6(YHU\WKF\FOH
WKHSRWHQWLDOZDVPDLQWDLQHGDW WKHFXWRIIYROWDJHDIWHU JDOYDQRVWDWLFFKDUJLQJDQGGLVFKDUJLQJ
XQWLO WKH FXUUHQW GURSSHG EHORZP$FPí7KLV DOORZHG WKH HQWLUH FDSDFLW\ RI WKH FHOO WR EH
PHDVXUHGLQGHSHQGHQWRIDQ\FKDQJHVWRWKHPHPEUDQH$65
7KHPHPEUDQH$65ZDVPHDVXUHGXVLQJSRWHQWLRVWDWLF(,6DW 9 LPPHGLDWHO\ IROORZLQJ
WKHSRWHQWLRVWDWLFGLVFKDUJHIURPHDFKWKF\FOHLHDOZD\VDWa62&7KHPHPEUDQH$65
ZDVIRXQGWRLQFUHDVHYHU\VORZO\RYHUWKHFRXUVHRIWZRZHHNVZKLOHVKRZLQJGLXUQDOYDULDWLRQV
RI aȍFP GHSHQGLQJ RQ WKH DPELHQW WHPSHUDWXUH &KDQJHV WR WKH PHPEUDQH $65
PDQLIHVWHG DV ULSSOHV LQ WKH FHOO FDSDFLW\ ZLWK D SHULRG RI  GD\ %HFDXVH WKH $65 VORZO\
LQFUHDVHGZLWKWLPHGLPLQLVKHGFDSDFLW\XWLOL]DWLRQUHVXOWHGLQDODUJHUDSSDUHQWGHFUHDVHLQFHOO
FDSDFLW\RYHUWLPHFRPSDUHGWRF\FOLQJZLWKDSRWHQWLDOKROG7KXVF\FOLQJZLWKDSRWHQWLDOKROG
 
SURYLGHV DPRUH DFFXUDWHPHDVXUH RI UHDFWDQW VWDELOLW\ LQ DQ RSHUDWLQJ FHOO WKDQ FRQYHQWLRQDO
JDOYDQRVWDWLFF\FOLQJ,QDGGLWLRQEHFDXVHWKHSRWHQWLDOKROGVHQVXUHWKDWWKHHQWLUH62&UDQJHLV
DFFHVVHG WKH FHOO GRHV QRW KDYH WR DFKLHYH D VWHDG\VWDWH 62& UDQJH ZKLFK FRXOG RWKHUZLVH
REVFXUHWKHDFWXDOFDSDFLW\UHWHQWLRQUDWH

)LJXUHD(YROXWLRQRIWKHFDSDFLW\RIWKH%70$39L%70$3)F5)%DWDFRQFHQWUDWLRQ
RI 00 GXULQJ H[WHQGHG FHOO F\FOLQJ DW P$FPí RUDQJH DQG EURZQ WULDQJOHV OHIW
D[LV$WHYHU\WKF\FOH WKHSRWHQWLDOZDVPDLQWDLQHGDW WKHHQGRIHDFKFKDUJHRUGLVFKDUJH
XQWLOWKHFXUUHQWIHOOEHORZP$FPíEOXHFLUFOHVOHIWD[LV7KHKLJKIUHTXHQF\$65ZKLFK
ZDVPHDVXUHGLPPHGLDWHO\DIWHUHYHU\WKF\FOHLVDOVRLQGLFDWHGUHGVTXDUHVULJKWD[LVE
5HSUHVHQWDWLYHYROWDJHYVWLPHWUDFHVRIVHOHFWHGF\FOHV&\FOHVWKDWZHUHPXOWLSOHVRIQ±
ZHUHFKRVHQEHFDXVHHYHU\WKF\FOHZDVGLIIHUHQWVHHDERYH
$WDFRQFHQWUDWLRQRI0IRU%70$39LDQG%70$3)F WKHFHOOFDSDFLW\KDGIDOOHQWR
 RI LWV RULJLQDO YDOXH & WR & RYHU  F\FOHV ZKLFK VSDQQHG 
GD\VUHSUHVHQWLQJDFDSDFLW\UHWHQWLRQRIF\FOHRUGD\7KHFRUUHVSRQGLQJ
FDSDFLW\ IDGH UDWHV DUH   F\FOH DQG   GD\ UHVSHFWLYHO\ 7KH IRUPHU ILJXUH
DWWULEXWHVDOORIWKHFDSDFLW\IDGHWRHOHFWURFKHPLFDOF\FOLQJZKHUHDVWKHODWWHUILJXUHDWWULEXWHVLW
 
DOO WR FKHPLFDO GHFD\ WKXV WKHVH ILJXUHV UHSUHVHQW XSSHU OLPLWV LI ERWKPHFKDQLVPV FRQWULEXWH
VLJQLILFDQWO\WRFDSDFLW\IDGH
(YHQ EHWWHU FDSDFLW\ UHWHQWLRQ UDWHV DUH DFKLHYDEOH DW ORZHU EXW VWLOO UHDVRQDEOH UHDFWDQW
FRQFHQWUDWLRQV%HFDXVHRSHUDWLRQLQDLUOHGWRDYHU\IDVWGURSLQFHOOFDSDFLW\6HH6,DQRWKHU
FHOOZDV VHW XS LQVLGH D QLWURJHQILOOHG JORYH EDJZLWK P/RI 0%70$39L DV WKH
QHJRO\WHDQGP/RI0%70$3)FDVWKHSRVRO\WHERWKDW62&6HH6,7KH
JORYHEDJHQYLURQPHQWFRQWDLQVPRUHR[\JHQWKDQGRHVWKHJORYHER[EXW WKLV LVPLWLJDWHGE\
WKH H[FHVV RI UHGXFHG %70$39L WKDW LV SUHVHQW 7KLV UDWLR RI UHDFWDQW FRQFHQWUDWLRQV ZDV
HPSLULFDOO\FKRVHQEHFDXVHLWPLQLPL]HGZDWHUFURVVRYHUIURPRQHUHVHUYRLUWRWKHRWKHU1H[W
WKHFHOOZDVF\FOHGIRUF\FOHVDWP$FPíWKLVWLPHZLWKDYROWDJHKROGDIWHUHYHU\F\FOH
)LJXUH7KHF\FOHVUHTXLUHGGD\VWRFRPSOHWH7KHDYHUDJHFDSDFLW\UHWHQWLRQRYHU
WKHF\FOHVZDV  F\FOH DW DQ DYHUDJH&RXORPELF HIILFLHQF\ JUHDWHU WKDQ
ZKLFKUHIOHFWVDFDSDFLW\IDGHUDWHURXJKO\±WLPHVORZHUF\FOHGD\DW
WKHVDPHFXUUHQWGHQVLW\WKDQIRUWKHFHOOGHVFULEHGLQ)LJXUH7KHFRUUHVSRQGLQJFDOHQGDUIDGH
UDWHLV\HDURIZKLFKa\HDUFRPHVIURPUHDFWDQWFURVVRYHUDVFDOFXODWHGIURPWKH
UHDFWDQWSHUPHDELOLWLHVVHHDERYH&RPSDUHGWRWKH09)F1&OV\VWHPWKHFDSDFLW\ IDGHSHU
F\FOH LV UHGXFHG E\ D IDFWRU RI  YV   F\FOH DW 0 WR  YV   F\FOH DW
0DQGWKHFDSDFLW\IDGHSHUGD\E\DIDFWRURIYVGD\DW0WRYV
GD\DW0GHVSLWHVWLOOEHLQJDWDKLJKHUUHDFWDQWFRQFHQWUDWLRQ
 

)LJXUHD&\FOLQJRID%70$39L%70$3)FS+FHOODWP$FPíLQWKHSUHVHQFHRI
DQH[FHVVRIUHGXFHG%70$39LVXFKWKDWWKHSRVRO\WHLVFDSDFLW\OLPLWLQJ%RWWRPWUDFHVOHIW
D[LV(YROXWLRQRIWKHFHOOFKDUJHXSZDUGSRLQWLQJWULDQJOHVDQGGLVFKDUJHGRZQZDUGSRLQWLQJ
WULDQJOHVFDSDFLW\DVIXQFWLRQVRIF\FOHQXPEHU7RSWUDFHULJKWD[LV&RXORPELFHIILFLHQF\RI
WKH FHOO IRU HDFK FKDUJHGLVFKDUJH F\FOH UHG VTXDUHV 7KH UHG OLQH LV WKH EHVW ILW OLQH WR WKH
GLVFKDUJH FDSDFLW\ RI WKH FHOO EHWZHHQ F\FOHV  DQG  E 5HSUHVHQWDWLYH YROWDJH YV WLPH
WUDFHV RI VHOHFWHG F\FOHV ,QVHW 0DJQLILFDWLRQ RI WKH SRWHQWLRVWDWLF UHJLRQV RI HDFK FKDUJH
GLVFKDUJH F\FOH VKRZLQJ WKH HYROXWLRQ RI WKH SRWHQWLRVWDWLF FDSDFLW\ RI WKH FHOO ZLWK F\FOH
QXPEHU,QVHWWUDFHVDUHYHUWLFDOO\RIIVHWIURPHDFKRWKHUIRUFODULW\
7KHFDOHQGDUIDGHUDWHRID%70$39L%70$3)FFHOOZDVIRXQGWREHLQGHSHQGHQWRIWKH
F\FOLQJ FXUUHQW GHQVLW\ )LJXUH 6 LPSO\LQJ WKDW WKH SUHGRPLQDQW VRXUFH RI FDSDFLW\ IDGH LV
XQOLNHO\ WR EH HOHFWURFKHPLFDO GHFRPSRVLWLRQ EXW UDWKHU FKHPLFDO GHFRPSRVLWLRQ RU UHDFWDQW
FURVVRYHU 105 DQDO\VHV ZHUH SHUIRUPHG WR HYDOXDWH WKH H[WHQW WR ZKLFK FKHPLFDO
GHFRPSRVLWLRQ RI WKH UHDFWDQWV DW HLWKHU FKDUJH VWDWH FRQWULEXWHG WR FDSDFLW\ ORVV 6HH 6, IRU
GHWDLOV1RWUDFHRIHLWKHUUHDFWDQWZDVGHWHFWDEOHE\105LQWKHRWKHUUHDFWDQWUHVHUYRLUDIWHU
F\FOHVDWKLJKFRQFHQWUDWLRQRUF\FOHVDWORZHUFRQFHQWUDWLRQ%RWKUHDFWDQWVLQERWK
WKHLU R[LGL]HG DQG UHGXFHG VWDWHV F\FOHG RU XQF\FOHG ZHUH IRXQG E\ 105 WR EH VWDEOH LQ
 
DTXHRXV VROXWLRQ2EVHUYHGRQO\ZLWKH[SHULPHQWV LQ WKHJORYHEDJEXWQRW WKHJORYHER[ WKH
GHDON\ODWLRQRI%70$39LZLWKK\GUR[LGHIRUPHGIURPWKHUHDFWLRQRI LWV UHGXFHGIRUPZLWK
R[\JHQZDVLGHQWLILHGDVDGHFRPSRVLWLRQSDWKZD\
2XU H[SHULPHQWV LPSO\ WKDW DV ORQJ DV R[\JHQ LV VWULFWO\ H[FOXGHG IURP WKH UHDFWDQWV ERWK
%70$39LDQG%70$3)FDUHHOHFWURFKHPLFDOO\DQGFKHPLFDOO\VWDEOH)URPWKHH[DPSOHVLQ
WKH OLWHUDWXUH WKH SHUFHQWDJH FDSDFLW\ IDGH LV JHQHUDOO\ KLJKHU DW KLJKHU FRQFHQWUDWLRQV RI
UHDFWDQWV ZKLFK VXJJHVWV WKDW D VLJQLILFDQW SRUWLRQ RI WKH FDSDFLW\ IDGH LV GXH WR ELPROHFXODU
UHDFWLRQV RI WKH UHDFWDQWVZLWK WKHPVHOYHV 3UHVXPDEO\ WKHVH SDWKZD\V DUH VXSSUHVVHG E\ WKH
SRVLWLYHFKDUJHVRI%70$3ZKLFKJUHDWO\ LQFUHDVH WKH&RXORPELFUHSXOVLRQEHWZHHQUHDFWDQW
PROHFXOHV
)RU SUDFWLFDO DSSOLFDWLRQVZH H[SHFW WKDW IXUWKHU LPSURYHG WHPSRUDO FDSDFLW\ UHWHQWLRQ RYHU
WKHDOUHDG\H[FHOOHQWUHVXOW LQ)LJXUHZLOOEHSRVVLEOHE\XWLOL]LQJDFHOOGHVLJQWKDW LVEHWWHU
VHDOHGWRDWPRVSKHULFR[\JHQRUE\VLPSO\VFDOLQJXSWKHYROXPHRIWKHFHOO$EXIIHUVROXWLRQ
PD\ DOVREHXWLOL]HG WRPLWLJDWH DQ\ ULVHV LQ VROXWLRQS+ WKRXJK WKHSUHVHQFHRI ODUJH DQLRQV
ZLWKORZGLIIXVLYLW\IURPWKHEXIIHUPD\SRWHQWLDOO\UDLVHWKHFHOO$65(OVHZKHUHORZHULQJWKH
FHOO$65E\XVLQJPRUHFRQGXFWLYHPHPEUDQHVZLOOKHOS WRFRPSHQVDWH IRU WKH UHODWLYHO\ ORZ
FHOO YROWDJH EXW WKLV VKRXOGQRW FRPH DW WKH H[SHQVHRIXQDFFHSWDEO\ KLJK UHDFWDQW FURVVRYHU
5HDFWDQWSHUPHDELOLWLHVZHUHPHDVXUHGLQWKHDEVHQFHRIDQ\H[WHUQDOHOHFWULFDOSRODUL]DWLRQVR
UHDFWDQWFURVVRYHULQDIXOOFHOOFRXOGEHRIJUHDWHULPSRUWDQFHWKDQRXUUHVXOWVVXJJHVW
$FRPSOHPHQWDU\VWUDWHJ\LVWRUHSODFH%70$39LZLWKDGLIIHUHQWPROHFXOHWKDWKDVDORZHU
UHGXFWLRQSRWHQWLDORUXVLQJDPROHFXOHZLWKDKLJKHUUHGXFWLRQSRWHQWLDOLQSODFHRI%70$3)F
7KLV ZLOO KDYH WKH HIIHFW RI UDLVLQJ WKH FHOO YROWDJH WKH SHDN SRZHU GHQVLW\ DQG WKH HQHUJ\
HIILFLHQF\RIWKHFHOO)RULQVWDQFHGLTXDWHUQL]HGGHULYDWLYHVRI¶GLS\ULG\ODUHNQRZQWRKDYH
 
VLJQLILFDQWO\ ORZHU E\ aP9 UHGXFWLRQ SRWHQWLDOV WKDQ WKRVH RI ¶GLS\ULG\O )RU DQ
DOWHUQDWLYH SRVRO\WH ZH V\QWKHVL]HG 1WULPHWK\ODPPRQLRSURS\O IHUURFHQHFDUER[DPLGH
FKORULGH )F&21+70$3 VHH 6, DQG GHWHUPLQHG LWV UHGXFWLRQ SRWHQWLDO WR EH 9 YV
6+( 9 YV 5+( DW S+  7KLV ILJXUH LV aP9 KLJKHU WKDQ%70$3)F JLYLQJ D
WKHRUHWLFDOFHOOSRWHQWLDORI9DJDLQVW%70$39L%HFDXVHDQDPLGHOLQNDJHLVK\GURO\]HG
LQS+ZDWHU DW D UDWHZLWKDFRUUHVSRQGLQJKDOIOLIHRI VHYHUDO FHQWXULHV)F&21+70$3
PD\EHDVXLWDEO\VWDEOHDQGV\QWKHWLFDOO\DFFHVVLEOHUHSODFHPHQWIRU%70$3)FLQWKHIXWXUH
:HKDYH GHPRQVWUDWHG DQ DTXHRXV RUJDQLF5)% XWLOL]LQJ UHDFWDQWV FRPSRVHG RQO\ RI HDUWK
DEXQGDQWHOHPHQWVDQGRSHUDWLQJDWS+)XQFWLRQDOL]DWLRQRIIHUURFHQHDQG¶GLS\ULG\OZLWK
%70$3JUHDWO\LPSURYHVVROXELOLW\OHDGLQJWRKLJKUHDOL]HGDQGWKHRUHWLFDOYROXPHWULFHQHUJ\
GHQVLWLHVRI:K/íDQG:K/í UHVSHFWLYHO\DWDFHOOYROWDJHRI9)XUWKHUPRUH
%70$3 IXQFWLRQDOL]DWLRQ DOVR VXSSUHVVHV UHDFWDQW FURVVRYHU WKURXJK WKH PHPEUDQH ZKLOH
HQVXULQJKLJKFKHPLFDODQGHOHFWURFKHPLFDOVWDELOLW\
7KHQHWUHVXOWLVD5)%WKDWF\FOHVVWDEO\ZLWKXQSUHFHGHQWHGFDSDFLW\UHWHQWLRQUDWHV:KHWKHU
H[SUHVVHG LQ WHUPV RI F\FOH QXPEHU RU WLPH   F\FOH FDOHQGDU IDGH UDWH RI  
\HDUWKLVLVDFRQVLGHUDEO\KLJKHUFDSDFLW\UHWHQWLRQUDWHWKDQIRUDQ\RWKHU5)%FKHPLVWU\WKDW
KDV EHHQ SXEOLVKHG WR GDWH ZKHWKHU DTXHRXV RU QRQDTXHRXV LQRUJDQLF RU
RUJDQLFRUJDQRPHWDOOLFSRO\PHULFRUQRQSRO\PHULF
2XUH[WUDSRODWLRQRIWKHSHUIRUPDQFHRIDEDWWHU\ZLWKWKHVHSURSHUWLHVLQGLFDWHVWKDWLIRQFH
HYHU\GD\LWZHUHFKDUJHGFRPSOHWHO\RYHUDILYHKRXUSHULRGIROORZHGE\DILYHKRXUFRPSOHWH
GLVFKDUJHZHZRXOGH[SHFWLWWRUHWDLQRILWVHQHUJ\VWRUDJHFDSDFLW\DIWHUF\FOHVRU
DERXW\HDUV7KHSURMHFWHGFDSDFLW\UHWHQWLRQLVDQWLFLSDWHGWREHDQXQGHUHVWLPDWHEHFDXVHDV
WKHFRQFHQWUDWLRQRIDFWLYHPDWHULDOGURSVZLWKWLPHWKHFDOHQGDUIDGHUDWHZLOODOVRGHFUHDVHLH
 
WKHFDSDFLW\IDGHUDWHKDVVRPHJUHDWHUWKDQILUVWRUGHUFRPSRQHQW)XQFWLRQDOL]DWLRQRIUHDFWDQWV
ZLWK EXON\ FKDUJHG JURXSV UHSUHVHQWV D SURPLVLQJ VWUDWHJ\ WR GHYHORSLQJ QH[WJHQHUDWLRQ
DTXHRXVRUJDQLF5)%VZLWKKLJKFDSDFLW\DQGKLJKF\FOHOLIH
6XSSRUWLQJ,QIRUPDWLRQ7DEOHRIUHFHQWQHXWUDOS+DTXHRXV5)%FKHPLVWULHVDGGLWLRQDOFHOO
F\FOLQJGDWDGHFRPSRVLWLRQPHFKDQLVPVRIS+5)%UHDFWDQWVDQGPDWHULDOVDQGPHWKRGV
$FNQRZOHGJPHQWV7KLVUHVHDUFKZDVVXSSRUWHGLQLWLDOO\E\$53$(DZDUG'($5
DQGVXEVHTXHQWO\E\'($&5/WKURXJK311/VXEFRQWUDFW7KHZRUNZDV
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
'HFRPSRVLWLRQPHFKDQLVPVRIRWKHUPROHFXODUS+5)%UHDFWDQWV'XULQJFHOOF\FOLQJZLWK
DQ LQLWLDO S+ RI  K\GUR[\7(032 7(032/ GHFRPSRVHV DQG WKH UDWH LV DFFHOHUDWHG DW
KLJK7(032/FRQFHQWUDWLRQV7KLVPDQLIHVWVDVDUDSLGFDSDFLW\IDGHWKDWLVPRUHVHYHUHDWKLJK
SRVRO\WHFRQFHQWUDWLRQV7KHORVVRIUHGR[DFWLYH7(032/PROHFXOHVDULVHVIURPWKHUHDFWLRQ
RI7(032/WKHR[LGL]HGIRUPRIWKHPROHFXOHZLWKK\GUR[LGH7KHUHVXOWLQJFRQVXPSWLRQRI
2+í LRQV UHVXOWV LQ D JUDGXDO DFLGLILFDWLRQ RI WKH SRVRO\WH ,Q WXUQ 7(032/ XQGHUJRHV D
GLVSURSRUWLRQDWLRQUHDFWLRQLQWKHSUHVHQFHRI+WRIRUP7(032/DQGGLK\GUR[\
WHWUDPHWK\OSLSHULGLQH7KH GLVSURSRUWLRQDWLRQ LV VHFRQG RUGHUZLWK UHVSHFW WR7(032/ DQG LV
WKHUHIRUH IDVWHU DW KLJKHU SRVRO\WH FRQFHQWUDWLRQV ,W LV SUHVXPDEOH WKDW RWKHU ZDWHUVROXEOH
7(032GHULYDWLYHVZLOOGHFRPSRVHLQWKHVDPHZD\ZKHQF\FOHGLQDFHOO

,Q WKHQHJRO\WHGXULQJFHOOFKDUJLQJ WKHGLFDWLRQ09LV UHGXFHG WR WKHFDWLRQUDGLFDO09
09 LV UHDGLO\R[LGL]HGEDFN WR09E\PROHFXODUR[\JHQ IRUPLQJ VXSHUR[LGH DQLRQ 2í
ZKLFK HYHQWXDOO\ OHDGV WR D UHGXFWLRQ LQ WKH RYHUDOO VWDWH RI FKDUJH 62& RI WKH QHJRO\WH
VROXWLRQDQGWKHDFFXPXODWLRQRIK\GUR[LGHLRQV2+í7KHRYHUDOOUHDFWLRQLV

092+2  092+í

7KH K\GUR[LGH LRQV VR IRUPHG FDQ GHSURWRQDWH RQH RI WKH PHWK\O JURXSV RI 09 ZKLFK
HYHQWXDOO\OHDGVWRWKHGHPHWK\ODWLRQRI09YLDDFRPSOH[PHFKDQLVPWRIRUPPHWK\O>

ELS\ULGLQ@LXPFKORULGHDUHGR[LQDFWLYHVSHFLHV7KHPHWK\OJURXSLVORVWDVIRUPDOGHK\GH

$QRWKHU PHFKDQLVP IRU WKH GHFRPSRVLWLRQ RI 09 LV RSHUDWLYH HYHQ LI R[\JHQ LV VWULFWO\
H[FOXGHG09GLPHUL]HV LQ DTXHRXV VROXWLRQZLWK DQ DVVRFLDWLRQ FRQVWDQWRI0í WKLV
GLPHU FDQ XQGHUJR GLVSURSRUWLRQDWLRQ .GLV   îí WR IRUP09 DQG WKH GRXEO\ UHGXFHG
TXLQRLG09 WKHODWWHURIZKLFKFDQEHLUUHYHUVLEO\SURWRQDWHGWRIRUPDQRWKHU UHGR[LQDFWLYH
VSHFLHV%HVLGHVLWVLQVROXELOLW\LQZDWHUDULVLQJIURPLWVODFNRIFKDUJHWKLVYXOQHUDELOLW\RI
09 WR SURWRQDWLRQ E\ ZDWHU KDV SUHFOXGHG LWV H[SORLWDWLRQ DV D FKDUJHVWRUDJH UHDFWDQW IRU
5)%V 7KLV VHFRQG PHFKDQLVP LV H[SHFWHG WR SUHGRPLQDWH ZKHQ QLWUR[LGH UDGLFDOV DUH
HPSOR\HG LQ WKH SRVRO\WH EHFDXVH WKHLU GHFRPSRVLWLRQ XSRQ F\FOLQJ LV DFFRPSDQLHG E\ D
GHFUHDVHLQWKHVROXWLRQS+VHHDERYH

2Q WKHRWKHUKDQG IHUURFHQHGHULYDWLYHV VXFK DV%70$3)F DUH UHGR[DFWLYH DQGFKHPLFDOO\
VWDEOH LQ DFLGLFWRQHXWUDO ZDWHU LQ HLWKHU R[LGDWLRQ VWDWH DV ORQJ DV WKH\ DUH SURWHFWHG IURP
R[\JHQ7KHR[LGL]HG IHUURFHQLXP IRUP LVGHFRPSRVHGE\R[\JHQ YLD DPHFKDQLVP WKDW
LQYROYHV WKH UHDFWLRQ RI WZR IHUURFHQLXP VSHFLHV ZLWK HDFK RWKHU EXW DON\O RU ¶
GLDON\OIHUURFHQLXP GHULYDWLYHV VXFK DV %70$3)F DUH VLJQLILFDQWO\ PRUH VWDEOH LQ DTXHRXV
VROXWLRQ WKDQ XQVXEVWLWXWHG IHUURFHQLXP 2QH QRWDEOH H[FHSWLRQ LV IHUURFHQ\OPHWK\O
WULPHWK\ODPPRQLXP VDOWV VXFK DV )F1&O 7KH FORVH SUR[LPLW\ RI WKH TXDWHUQDU\ DPPRQLXP
JURXS WR WKH IHUURFHQHFHQWHU PHWK\OHQHXQLWFDXVHV IHUURFHQ\OPHWK\OWULPHWK\ODPPRQLXP
6

VDOWV WR EH YXOQHUDEOH WR QXFOHRSKLOLF DWWDFN ORVLQJ WULPHWK\ODPLQH DV D OHDYLQJ JURXS LQ WKH
SURFHVV 
6

'HWHUPLQDWLRQ RI 5HDFWDQW 3HUPHDELOLW\ WKURXJK 0HPEUDQH 7R PHDVXUH SHUPHDELOLW\
UHGR[ DFWLYH VSHFLHVZHUH SODFHG LQ WKH GRQDWLQJ VLGH RI D WZRHOERZHG JODVV FHOO ZKHUH WKH
PHPEUDQHZDVVDQGZLFKHGLQEHWZHHQ$0VROXWLRQRI09%70$39LRU%70$3)FLQ
GHLRQL]HGZDWHUSODFHGRQWKHGRQDWLQJVLGHZDVSDLUHGZLWKHLWKHU01D&ORU01D&O
VROXWLRQUHVSHFWLYHO\RQWKHUHFHLYLQJVLGHZKLFKHQVXUHGWKDWZDWHUFURVVRYHULQHLWKHUGLUHFWLRQ
ZDVPLQLPL]HG7RNHHSWKHVROXWLRQVXQGHUDJLWDWLRQWKHFHOOZDVSODFHGRQDQXWDWLQJWDEOH

$WUHJXODULQWHUYDOVRYHUWKHFRXUVHRIaZHHNV/DOLTXRWVRIWKHVROXWLRQRQWKHUHFHLYLQJ
VLGHZHUHGLOXWHGWRP/LQ01D&ORU01D&OVROXWLRQ89YLVLEOHDQDO\VLV2FHDQ
2SWLFV )ODPH6 6SHFWURPHWHU $VVHPEO\ DOORZHG WKH FRQFHQWUDWLRQV RI09%70$39L RU
%70$3)F WKDW KDG FURVVHG RYHU WR WKH UHFHLYLQJ VLGH WR EH GHWHUPLQHG 7KH SHUPHDELOLW\
FRHIILFLHQW3ZDVFDOFXODWHGIURPWKHHTXDWLRQ

ܲ ൌ
 ቀͳ െ ʹܥ௥ܥ଴ ቁ ሺെ
ܸ݈
ʹܣሻ
ݐ 

ZKHUH &U LV WKH FRQFHQWUDWLRQ PHDVXUHG DW WKH UHFHLYLQJ UHVHUYRLU & LV WKH DFWLYH VSHFLHV
FRQFHQWUDWLRQLQWKHGRQDWLQJUHVHUYRLU09LVWKHYROXPHRIWKHUHFHLYLQJVLGHP/OLV
WKHPHPEUDQHWKLFNQHVVP$LVWKHPHPEUDQHDUHDFPDQGWLVWKHWLPH

7KH LPSDFWRI UHDFWDQW FURVVRYHURQ FDSDFLW\ ORVV LV VXPPDUL]HG LQ7DEOH 6 DQG)LJXUH 6
$FFRUGLQJ WR WKH SHUPHDELOLW\ FRHIILFLHQWV GHWHUPLQHG DERYH WKH GXUDWLRQ EHIRUH UHDFWDQW
FURVVRYHUUHVXOWVLQDRUORVVRIFDSDFLW\IRUDQDVVXPHGIXWXUHVHWRIFRQGLWLRQVFDQ
EHFDOFXODWHGXVLQJWKHHTXDWLRQV

´ଽ଴Ψ ൌ
݅௖݈ݐௗሺ ͳͲǤͻሻ
ܲܥ݊ܨ 
RU
´ହ଴Ψ ൌ
݅௖݈ݐௗሺ ͳͲǤͷሻ
ܲܥ݊ܨ 

ZKHUHLFLVWKHF\FOLQJFXUUHQWGHQVLW\P$FPíWGLVWKHGLVFKDUJHWLPHKRUV&
LV WKH FRQFHQWUDWLRQ RI HOHFWURDFWLYH VSHFLHV 0 RU  î íPRO FPí Q LV WKH QXPEHU RI
HOHFWURQVSHUPROHRIUHGR[DFWLYHVSHFLHVHíDQG)LV)DUDGD\¶VFRQVWDQW




6

7DEOH 6 &URVVRYHU RI09 %70$39L DQG %70$3)F DFURVV D 6HOHPLRQ '69
PHPEUDQH




)LJXUH 6 &URVVRYHU WHVWV IRU PHWK\O YLRORJHQ GLFKORULGH 09 %70$39L DQG
%70$3)F DFURVV D 6HOHPLRQ'69PHPEUDQH 7KH SHUPHDELOLW\ FRHIILFLHQW IRU HDFK
VSHFLHVFDQEHFDOFXODWHGIURPWKHUDWHRILQFUHDVHLQFRQFHQWUDWLRQRIHDFKVSHFLHVLQWKH
UHFHLYLQJVLGH
 
 3HUPHDELOLW\FRHIILFLHQWFPVí
7LPHWR
FDSDFLW\ORVV\HDUV
7LPHWR
FDSDFLW\ORVV\HDUV
09 îí  
%70$39L îí  
%70$3)F îí  
6

5RWDWLQJ 'LVN (OHFWURGH 5'( PHDVXUHPHQWV 5'( H[SHULPHQWV ZHUH FRQGXFWHG XVLQJ D
3LQH ,QVWUXPHQWV0RGXODWHG6SHHG5RWDWRU$)065&(HTXLSSHGZLWKDPPGLDPHWHUJODVV\
FDUERQ ZRUNLQJ HOHFWURGH D $J$J&O UHIHUHQFH HOHFWURGH %$6L SUHVRDNHG LQ 0 1D&O
VROXWLRQDQGDSODWLQXPZLUHFRXQWHUHOHFWURGH7KHHOHFWURGHZDVURWDWHGDWDVSHFLILFVSHHG
ZKLOH WKHYROWDJHZDVOLQHDUO\VZHSWIURPíWRí9YV$J$J&OIRU%70$39LRU
IURPíWR9YV$J$J&OIRU%70$3)F7KHUHGXFWLRQUDWHFRQVWDQWRI%70$3
9LDQGWKHR[LGDWLRQUDWHFRQVWDQWRI%70$3)FZHUHFDOFXODWHGIURPWKH7DIHOHTXDWLRQXVLQJ
WKH IROORZLQJ SDUDPHWHUV Q    )DUDGD\¶V FRQVWDQW)   &PROí HOHFWURGH DUHD$  
FP %70$3)F RU %70$39L FRQFHQWUDWLRQ &   îíPROFPí NLQHPDWLF
YLVFRVLW\ RI 0 1D&O Q   FPVí WHPSHUDWXUH 7   . 7KH H[SHULPHQW ZDV
SHUIRUPHGWKUHHWLPHV5HVXOWVDUHVXPPDUL]HGLQ)LJXUH6DQG)LJXUH6

  
)LJXUH 6 D 3ORW RI SRWHQWLDO YV FXUUHQW GHQVLW\ DW GLIIHUHQW URWDWLRQ UDWHV RI WKH
URWDWLQJGLVNHOHFWURGH5'(7KHVROXWLRQLVP0%70$39LDQG01D&OLQ
+25RWDWLRQ UDWHV DUH LQGLFDWHG E.RXWHFNê/HYLFK SORW LíYVZí RI P0
%70$39L DQG 0 1D&O LQ +2 7KH FXUUHQW UHVSRQVH Lí LV VKRZQ IRU HLJKW
GLIIHUHQW%70$39LUHGXFWLRQRYHUSRWHQWLDOVKF)LWRI5'(H[SHULPHQWDOGDWDWRWKH
%XWOHU9ROPHU HTXDWLRQ FRQVWUXFWHG XVLQJ WKH FXUUHQW UHVSRQVH LQ WKH DEVHQFH RIPDVV
WUDQVSRUW OLPLWDWLRQV DW KLJK %70$39L UHGXFWLRQ RYHUSRWHQWLDOV LN LV WKH FXUUHQW
H[WUDSRODWHGIURPWKH]HURLQWHUFHSWRIWKHILWWHGOLQHVLQELHDWLQILQLWHURWDWLRQUDWH
7KHOLQHRIEHVWILWWRWKHUHJLRQEHWZHHQDQRYHUSRWHQWLDORI±P9KDVWKHHTXDWLRQ
\ [ IURPZKLFKD DQGN îíFPVíZHUHFDOFXODWHG'DWD
ZHUHDYHUDJHGRYHUWKUHHUXQV
 
6

  
)LJXUH 6 D 3ORW RI SRWHQWLDO YV FXUUHQW GHQVLW\ DW GLIIHUHQW URWDWLRQ UDWHV RI WKH
URWDWLQJGLVNHOHFWURGH5'(7KHVROXWLRQLVP0%70$3)FDQG01D&OLQ
+25RWDWLRQ UDWHV DUH LQGLFDWHG E.RXWHFNê/HYLFK SORW LíYVZí RI P0
%70$3)F DQG 0 1D&O LQ +2 7KH FXUUHQW UHVSRQVH Lí LV VKRZQ IRU HLJKW
GLIIHUHQW%70$3)FR[LGDWLRQRYHUSRWHQWLDOVKF)LWRI5'(H[SHULPHQWDOGDWDWRWKH
%XWOHU9ROPHU HTXDWLRQ FRQVWUXFWHG XVLQJ WKH FXUUHQW UHVSRQVH LQ WKH DEVHQFH RIPDVV
WUDQVSRUW OLPLWDWLRQV DW ORZ %70$3)F R[LGDWLRQ RYHUSRWHQWLDOV LN LV WKH FXUUHQW
H[WUDSRODWHGIURPWKH]HURLQWHUFHSWRIWKHILWWHGOLQHVLQELHDWLQILQLWHURWDWLRQUDWH
7KHOLQHRIEHVWILWWRWKHUHJLRQEHWZHHQDQRYHUSRWHQWLDORI±P9KDVWKHHTXDWLRQ
\ [IURPZKLFKD DQGN îíFPVíZHUHFDOFXODWHG'DWD
ZHUHDYHUDJHGRYHUWKUHHUXQV
 
6

&\FOLF YROWDPPHWU\7KUHHHOHFWURGH F\FOLFYROWDPPHWU\ WHVWVZHUHSHUIRUPHGXVLQJ D JODVV\
FDUERQ HOHFWURGH PP GLDPHWHU D$J$J&O UHIHUHQFH HOHFWURGH %$6L SUHVRDNHG LQ 0
1D&O VROXWLRQ DQG DSODWLQXPZLUH FRXQWHU HOHFWURGH&\FOLFYROWDPPRJUDPVRI%70$39L
DQG%70$3)F DUH VKRZQ LQ0DLQ 7H[W )LJXUH  WKH F\FOLF YROWDPPRJUDP RI)F&21+
70$3LVVKRZQEHORZLQ)LJXUH6


)LJXUH 6 &\FOLF YROWDPPRJUDP RI )F&21+70$3 &RQGLWLRQV P0 LQ  0
1D&OP9VíVZHHSUDWH7KHWKF\FOHLVVKRZQ
 
6

*HQHUDO FHOO F\FOLQJ )RU WKH IXOO FHOOPHDVXUHPHQWV FHOO KDUGZDUH IURP)XHO&HOO7HFKZDV
XVHGWRDVVHPEOHD]HURJDSIORZFHOOFRQILJXUDWLRQVLPLODUWRZKDWZDVSUHYLRXVO\UHSRUWHG
32&2JUDSKLWHIORZSODWHVZLWKVHUSHQWLQHIORZILHOGVZHUHXVHGIRUERWKVLGHV

(OHFWURGHV RI FP JHRPHWULF VXUIDFH DUHD FRPSULVHG D VWDFN RI IRXU VKHHWV RI 6LJUDFHW 6*/
$$SRURXV FDUERQSDSHUZKLFKKDGEHHQSUHWUHDWHGE\EDNLQJ LQ DLU DW & IRUK$
VKHHW RI 6HOHPLRQ'69PHPEUDQH $VDKL*ODVV&R /WGZKLFK KDG EHHQ VWRUHG LQ 0
1D&O VROXWLRQ VHUYHG DV WKH LRQVHOHFWLYH PHPEUDQH 7KH UHVW RI WKH VSDFH ZDV JDVNHWHG E\
9LWRQVKHHWV7KHHOHFWURO\WHVZHUHIHGLQWRWKHFHOOWKURXJK)(3WXELQJDWDUDWHRIP/PLQí
FRQWUROOHG E\&ROH3DUPHU0DVWHUIOH[ /6 SHULVWDOWLF SXPSV&\FOLF YROWDPPHWU\ DQG URWDWLQJ
GLVN HOHFWURGH YROWDPPHWU\ VHH EHORZ ZHUH SHUIRUPHG XVLQJ D *DPU\ 5HIHUHQFH 
SRWHQWLRVWDW &HOO SRODUL]DWLRQ LPSHGDQFH VSHFWURVFRS\ PHDVXUHPHQWV DQG FKDUJHGLVFKDUJH
F\FOLQJ ZHUH SHUIRUPHG XVLQJ D %LR/RJLF %&6 EDWWHU\ F\FOLQJ V\VWHP RU D *DPU\
5HIHUHQFHSRWHQWLRVWDW

:KHUH HPSOR\HG JDOYDQRVWDWLF FKDUJLQJ DQG GLVFKDUJLQJ RI D IXOO HOHFWURFKHPLFDO FHOO ZDV
SHUIRUPHGDWWKHSUHGHILQHGFXUUHQWGHQVLWLHVXQWLOWKHFHOOYROWDJHURVHRUIHOOWR9RU9
UHVSHFWLYHO\ DIWHUZKLFK WKHUHZRXOG EH D VHFRQG KROG DW RSHQ FLUFXLW SRWHQWLDO EHIRUH WKH
QH[WKDOIF\FOHFKDUJHRUGLVFKDUJH)RUJDOYDQRVWDWLFF\FOLQJZLWKSRWHQWLDOKROGVF\FOLQJZDV
GRQH DV GHVFULEHG DERYH EXW RQFH WKH SUHGHILQHG SRWHQWLDO FXWRIIVZHUH UHDFKHG WKH FHOO ZDV
PDLQWDLQHGDWWKHVDPHYROWDJHXQWLOWKHPDJQLWXGHRIWKHFKDUJLQJRUGLVFKDUJLQJFXUUHQWGHQVLW\
KDG GHFUHDVHG WR P$FPí$VHFRQG KROG DW RSHQ FLUFXLW SRWHQWLDO IROORZHGE\ WKH QH[W
F\FOLQJVWHSZRXOGWKHQSURFHHGDVEHIRUH
 
6

(OHFWURFKHPLFDOLPSHGDQFHVSHFWURVFRS\(,6H[SHULPHQWV(,6ZDVSHUIRUPHGE\DSSO\LQJ
DVLQHYROWDJHZDYHIRUPRIDPSOLWXGHP9DGGHGWRDQRIIVHWYROWDJHRSHQFLUFXLWYROWDJHIRU
PHDVXUHPHQWV LQ)LJXUHE9 LQDOORWKHUFDVHV7KHIUHTXHQF\RI WKHVLQHYROWDJHZDV
YDULHGVWHSZLVHIURPN+]WR+]ZLWKSRLQWVSHUGHFDGHLQORJDULWKPLFVSDFLQJ7KH
UHDOFRPSRQHQWRIWKHLPSHGDQFHDWWKHSRLQWZKHUHWKHLPDJLQDU\FRPSRQHQWRIWKHLPSHGDQFH
ZDV ]HUR LH WKH KRUL]RQWDO LQWHUFHSW RI WKH 1\TXLVW SORW ZDV PXOWLSOLHG E\ WKH JHRPHWULF
HOHFWURGHDUHDFPWRREWDLQWKHKLJKIUHTXHQF\$65
 
6

(IIHFW RI R[\JHQ SHUPHDWLRQ RQ FDSDFLW\ UHWHQWLRQ ,Q RUGHU WR GHPRQVWUDWH WKH HIIHFW RI
R[\JHQSHUPHDWLRQLQWRWKHFHOODFHOOZDVRSHUDWHGLQVLGHDQDLUILOOHGJORYHEDJ7KHUHDFWDQWV
ZHUHP/RIQHJRO\WHFRQWDLQLQJ0%70$39LDQGP/RISRVRO\WHFRQWDLQLQJ
0 %70$3)F 8SRQ JDOYDQRVWDWLF F\FOLQJ DW P$FPí DQ LQGXFWLRQ SHULRG ODVWLQJ
URXJKO\F\FOHVZDV VHHQDIWHUZKLFK WKH UDWHRIFDSDFLW\GHFUHDVHEHFDPHVWHDGLHUDQG WKH
&RXORPELF HIILFLHQF\ VWDELOL]HG 7KH VWHHS GURS LQ FDSDFLW\ GXULQJ WKH ILUVW  F\FOHV LV
DWWULEXWHG WR WKH FRQVXPSWLRQ E\ UHGXFHG%70$39L RI DOO R[\JHQ SUHVHQW LQ WKH UHVHUYRLU
KHDGVSDFHDQGGLVVROYHGLQWKHHOHFWURO\WHVROXWLRQV)LJXUH6$WF\FOHWKHJORYHEDJZDV
SXUJHGDQGILOOHGZLWKQLWURJHQFDXVLQJDQLPPHGLDWHKDOWWRWKHFDSDFLW\IDGHDQGDMXPSLQWKH
&RXORPELFHIILFLHQF\WRDERYH
 
)LJXUH 6&\FOLQJRI DGLIIHUHQW%70$39L %70$3)F S+ FHOO DW P$FPí
7KHFHOOZDVRSHUDWHGLQVLGHDQDLUILOOHGJORYHEDJIRUF\FOHV±WKHQWKHJORYHEDJ
ZDVSXUJHGDQGILOOHGZLWK1IRUF\FOHV±7RSWUDFHVOHIWD[LV(YROXWLRQRIWKH
FHOO FKDUJH XSZDUGSRLQWLQJ WULDQJOHV DQG GLVFKDUJH GRZQZDUGSRLQWLQJ WULDQJOHV
FDSDFLW\DVIXQFWLRQVRIF\FOHQXPEHU%RWWRPWUDFHVULJKWD[LV&RXORPELFHIILFLHQF\RI
WKHFHOOIRUHDFKFKDUJHGLVFKDUJHF\FOHVTXDUHV
 
6

&HOOF\FOLQJZLWKDPRODUUDWLRRIUHDFWDQWV$QRWKHUFHOOZDVFRQVWUXFWHGLQWKHVDPHZD\
DVGHVFULEHGRQ3DJH67KLVWLPHWKHJORYHEDJZDVILOOHGZLWKQLWURJHQEHIRUHDQ\F\FOLQJ
WRRN SODFH  JDOYDQRVWDWLF FKDUJHGLVFKDUJH F\FOHV ZLWK SRWHQWLDO KROGV ZHUH SHUIRUPHG
VXFFHVVLYHO\ IRU HDFK RI WKUHH FXUUHQW GHQVLWLHV P$FPí P$FPí DQG P$FPí
7KHUHVXOWVDUHVXPPDUL]HGEHORZLQ)LJXUH6DQG7DEOH6

  
)LJXUH6D([WHQGHGFHOOF\FOLQJVWXG\DWWKUHHGLIIHUHQWFXUUHQWGHQVLWLHVFRQGXFWHG
VXFFHVVLYHO\P$FPíUHGV\PEROVP$FPíEOXHV\PEROVDQGP$FPí
JUHHQV\PEROV7RSWUDFHVOHIWD[LV(YROXWLRQRIWKHFHOOFKDUJHDQGGLVFKDUJHFDSDFLW\
YV F\FOH QXPEHU %RWWRP WUDFHV ULJKW D[LV &RXORPELF HIILFLHQF\ RI WKH FHOO IRU HDFK
FKDUJHGLVFKDUJH F\FOH E 5HSUHVHQWDWLYH YROWDJH YV WLPH FXUYHV GXULQJ F\FOLQJ DW
P$FPíUHFRUGHGEHWZHHQWKHWKDQGUGKRXURIF\FOLQJF7KHVDPHGDWDDVLQ
)LJXUH6DSORWWHGDVDIXQFWLRQRIWLPH

$V EHIRUH D VKRUW LQGXFWLRQ SHULRG WKH ILUVW  F\FOHV ZDV REVHUYHG EHIRUH WKH &RXORPELF
HIILFLHQF\ VWDELOL]HG7KH FDSDFLW\ UHWHQWLRQ DW HDFKRI WKHGLIIHUHQW FXUUHQWGHQVLWLHVZDVZHOO
RYHU   F\FOH IRU DOO WKUHH FXUUHQW GHQVLWLHV XS WR   F\FOH DW P$FPí
)XUWKHUPRUH WKHDYHUDJH&RXORPELFHIILFLHQF\ZDVH[FHSWLRQDOO\KLJKDWVHH7DEOH
6,QJHQHUDOKLJKHUFXUUHQWGHQVLWLHVDUHDVVRFLDWHGZLWKWKHVKRUWHUF\FOHSHULRGVDVZHOODV
KLJKHUFDSDFLW\ UHWHQWLRQDQG&RXORPELFHIILFLHQF\EXW WKHVHQXPEHUVFRPHDW WKHH[SHQVHRI
WKHURXQGWULSHQHUJ\HIILFLHQF\GXHWRWKHKLJKPHPEUDQH$65

%\UHSUHVHQWLQJWKHF\FOLQJGDWDDVDIXQFWLRQRIWLPHVWDUWLQJDWWKHEHJLQQLQJRIWKHH[SHULPHQW
)LJXUH 6F LW LV DSSDUHQW WKDW WKH WHPSRUDO F\FOH IDGH UDWH LV HVVHQWLDOO\ LQGHSHQGHQW RI WKH
F\FOLQJ FXUUHQW GHQVLW\ 7KLV VXJJHVWV WKDW D FKHPLFDO UDWKHU WKDQ DQ HOHFWURFKHPLFDO
PHFKDQLVPLVPRVWO\UHVSRQVLEOHIRUWKHREVHUYHGFDSDFLW\IDGHRIWKH%70$39L%70$3)F
V\VWHP :H UHJDUG WKH FRQWLQXHG UHDFWLRQ RI UHGXFHG%70$39L DQG R[LGL]HG%70$3)F
ZLWK R[\JHQ IURP WKH HQYLURQPHQW DV D FKHPLFDO PHFKDQLVP VHH WKH GLVFXVVLRQ RI UHDFWDQW
VWDELOLW\RQ3DJH6IRUGHWDLOV 
6

7DEOH 6$YHUDJH FDSDFLW\ UHWHQWLRQ SHU F\FOH DQG&RXORPELF HIILFLHQF\ RI WKH S+
FHOODWWKUHHGLIIHUHQWFXUUHQWGHQVLWLHV

&XUUHQWGHQVLW\ P$FPí P$FPí P$FPí
&DSDFLW\UHWHQWLRQ
SHUF\FOH

F\FOH

F\FOH

F\FOH
&RXORPELF
HIILFLHQF\   
5RXQGWULSHQHUJ\
HIILFLHQF\   
7LPHSHUF\FOH PLQ PLQ PLQ

 
6

&HOO F\FOLQJ RI 09 YV %70$3)F 7R VHH KRZ %70$39L SHUIRUPV DV D ORZSRWHQWLDO
UHDFWDQWUHODWLYHWR09DFHOOZDVFRQVWUXFWHGWKHVDPHZD\DVGHVFULEHGRQ3DJH6H[FHSW
WKDWWKHQHJRO\WHFRPSULVHG0RI09GLVVROYHGLQZDWHULQVWHDGRI0RI%70$39L
DQG WKHH[SHULPHQWZDVFRQGXFWHG LQVLGHDQDUJRQILOOHGJORYHER[ LQVWHDGRIDQLWURJHQILOOHG
JORYHEDJJDOYDQRVWDWLFFKDUJHGLVFKDUJHF\FOHVZLWKSRWHQWLDOKROGVZHUHSHUIRUPHGDWD
FXUUHQW GHQVLW\ RI P$FPí )LJXUH 67KHVH FRQGLWLRQVZHUH LGHQWLFDO WR WKRVH XVHG WR
FROOHFWWKHGDWDLQ)LJXUH6DWDFXUUHQWGHQVLW\RIP$FPí7KHF\FOHVUHTXLUHG
GD\VWRFRPSOHWHRUPLQXWHVSHUF\FOHRQDYHUDJH7KHFDSDFLW\UHWHQWLRQUDWHZDVIRXQGWR
EHF\FOHRUGD\DWD&RXORPELFHIILFLHQF\RI7KHFRUUHVSRQGLQJ
FDSDFLW\IDGHUDWHVZHUHF\FOHDQGGD\7KHVHIDGHUDWHVDUHPRUHWKDQDQRUGHU
RIPDJQLWXGHKLJKHUWKDQZKHQ%70$39LZDVXVHGLQWKHQHJRO\WH


)LJXUH 6([WHQGHGFHOO F\FOLQJ VWXG\RI09YV%70$3)F DW D FXUUHQWGHQVLW\RI
P$FPí7RSWUDFHVOHIWD[LV(YROXWLRQRIWKHFHOOFKDUJHDQGGLVFKDUJHFDSDFLW\YV
F\FOHQXPEHU%RWWRPWUDFHVULJKWD[LV&RXORPELFHIILFLHQF\RIWKHFHOOIRUHDFKFKDUJH
GLVFKDUJHF\FOH
 
6

&RXORPELF HIILFLHQF\ZKHQF\FOLQJDWKLJKUHDFWDQW FRQFHQWUDWLRQV7KHFDSDFLW\RIDKLJK
FRQFHQWUDWLRQ%70$39L%70$3)F 5)% GXULQJ H[WHQGHG F\FOLQJ ZDV SUHVHQWHG LQ0DLQ
7H[W)LJXUH)LJXUH6VKRZVWKHVDPHFDSDFLW\GDWDEXWLQFOXGHVWKH&RXORPELFHIILFLHQF\
IRUHDFKF\FOHLQVWHDGRIWKHKLJKIUHTXHQF\$65HYHU\F\FOHV

)LJXUH 6 (YROXWLRQ RI WKH FDSDFLW\ RI WKH %70$39L%70$3)F 5)% DW D
FRQFHQWUDWLRQ RI 00 GXULQJ H[WHQGHG FHOO F\FOLQJ DW P$FPí RUDQJH DQG
EURZQWULDQJOHVOHIWD[LV$WHYHU\WKF\FOHWKHSRWHQWLDOZDVPDLQWDLQHGDWWKHHQGRI
HDFKFKDUJHRUGLVFKDUJHXQWLOWKHFXUUHQWIHOOEHORZP$FPíEOXHFLUFOHVOHIWD[LV
7KLV FDSDFLW\ GDWD LV LGHQWLFDO WR )LJXUH D 7KH &RXORPELF HIILFLHQF\ IRU WKH
JDOYDQRVWDWLFF\FOLQJH[FOXGLQJWKHF\FOHVLPPHGLDWHO\DIWHUWKHSRWHQWLDOKROGVLVDOVR
LQGLFDWHGUHGVTXDUHVULJKWD[LV
 
6

&RPSDULVRQRIFDSDFLW\IDGHUDWHVGXULQJSXUHO\JDOYDQRVWDWLFF\FOLQJ7KHGDWDUHSUHVHQWHG
E\WKHRUDQJHDQGEURZQWULDQJOHVLQ0DLQ7H[W)LJXUHDDQGLQ)LJXUH6ZHUHUHVXOWVEDVHG
VROHO\RQJDOYDQRVWDWLFF\FOLQJDQGQRWJDOYDQRVWDWLFF\FOLQJIROORZHGE\DVKRUWSRWHQWLDOKROG
EOXH FLUFOHV 7KH GDWD PD\ DOVR EH WKRXJKW RI DV FRPLQJ IURP WZHQW\ILYH VXFFHVVLYH
JDOYDQRVWDWLFF\FOLQJH[SHULPHQWVHDFKVWDUWLQJDW62&DQGSURFHHGLQJIRUQLQHF\FOHVDWD
FRQVWDQWFKDUJHGLVFKDUJHFXUUHQWGHQVLW\RIP$FPí7KHQXPEHURIFRQVHFXWLYHF\FOHVLV
VPDOOEXWWKHODUJHQXPEHURIH[SHULPHQWVDOORZVWKHFDSDFLW\UHWHQWLRQXQGHUJDOYDQRVWDWLF
F\FOLQJFRQGLWLRQVWREHGHWHUPLQHGWRDKLJKGHJUHHRIFHUWDLQW\7KHGDWDIRU WKLVH[SHULPHQW
DUHSUHVHQWHGLQ)LJXUH6

)LJXUH 6 &DSDFLW\ IDGH UDWH SHU F\FOH IRU HDFK RI WKH WZHQW\ILYH SHULRGV RI
JDOYDQRVWDWLF F\FOLQJ LQ 0DLQ 7H[W )LJXUH D DQG )LJXUH 6 (DFK SHULRG RI
JDOYDQRVWDWLFF\FOLQJFRQVLVWVRIQLQHFKDUJHGLVFKDUJHF\FOHVDWDFXUUHQWGHQVLW\RI
P$FPí+RUL]RQWDO FRORUHG OLQHV LQGLFDWH WKH FDSDFLW\ IDGH UDWHV RI RWKHU S+5)%
FKHPLVWULHVUHSRUWHGLQWKHOLWHUDWXUHDQGVXPPDUL]HGLQ7DEOH6
7KH DYHUDJH FDSDFLW\ IDGH UDWH LV    F\FOH RU    GD\:KHWKHU
H[SUHVVHGDVDIXQFWLRQRIF\FOHQXPEHURUWLPHWKHVHQXPEHUVDUHVWLOOORZHUWKDQIRUDQ\RIWKH
SXPSHGFHOOH[SHULPHQWVLQ7DEOH66RPHSHULRGVRIJDOYDQRVWDWLFF\FOLQJVHHQHJDWLYHF\FOH
IDGHUDWHVEHFDXVHWKHPHPEUDQH$65VKRZVVPDOOGLXUQDOYDULDWLRQV$SHULRGRIJDOYDQRVWDWLF
F\FOLQJ DVVRFLDWHGZLWK D GHFUHDVH LQPHPEUDQH$65ZLOO GLVSOD\ VPDOOHU WKDQ DYHUDJH F\FOH
IDGHUDWHV6HH0DLQ7H[W)LJXUHD1HYHUWKHOHVVWKHORQJWHUPJDOYDQRVWDWLFFDSDFLW\IDGH
6

UDWHLVKLJKHUWKDQWKHIDGHUDWHRIWKHDEVROXWHFHOOFDSDFLW\GHWHUPLQHGE\JDOYDQRVWDWLFF\FOLQJ
ZLWKSRWHQWLDOKROGVEHFDXVHWKHPHPEUDQHUHVLVWDQFHVORZO\ULVHVRYHUVHYHUDOZHHNV
6

+LJKFDSDFLW\UHWHQWLRQF\FOLQJFRQGLWLRQV7RVHWXSWKHFHOOLQ0DLQ7H[W)LJXUHDFHOO
ZDV VHW XS DV GHVFULEHG RQ3DJH6 LQ D QLWURJHQILOOHG JORYH EDJZLWK P/RI QHJRO\WH
FRQWDLQLQJ0%70$39LDQGP/RISRVRO\WHFRQWDLQLQJ0%70$3)F%RWK
SRVRO\WH DQGQHJRO\WHZHUH FKDUJHG WR62&E\ WKH DSSOLFDWLRQRI D FRQVWDQWYROWDJHRI
9XQWLOWKHFXUUHQWGHQVLW\IHOOEHORZP$FPí2QFHWKLVZDVDFKLHYHGVPDOOYROXPHVRI
QHJRO\WH DQG SRVRO\WH ZHUH UHPRYHG XVLQJ D V\ULQJH ILWWHG ZLWK D ORQJ VWDLQOHVV VWHHO QHHGOH
ZKLOHWKHYROWDJHRI9ZDVVWLOOEHLQJDSSOLHGWRWKHFHOOOHDYLQJDVWDUWLQJFHOOFRPSRVLWLRQ
RI P/ RI QHJRO\WH FRQWDLQLQJ 0 %70$39L DQG P/ RI SRVRO\WH FRQWDLQLQJ
0%70$3)FERWKDW62&&\FOLQJDWP$FPíWKHQSURFHHGHGDVGHVFULEHGRQ
3DJH6
 
6

105VWXG\RIUHDFWDQWVWDELOLWLHV$IWHUFHOOF\FOLQJIRUF\FOHVDWYDULRXVFXUUHQWGHQVLWLHV
UHSUHVHQWLQJDWRWDOF\FOLQJWLPHRIPRUHWKDQGD\VVHH)LJXUH6WKHFHOOZDVFKDUJHGWR
a62&E\DSSO\LQJDYROWDJHRI9WRWKHFHOOIRUWZRKRXUV$WWKHHQGRIWKHWZRKRXUV
WKHWZRHOHFWURO\WHVROXWLRQVZHUHDQDO\]HGLPPHGLDWHO\E\105WKHQRQFHPRUHDIWHUVWRUDJH
LQD1DWPRVSKHUHIRUZHHNDWURRPWHPSHUDWXUH)RUHDFK105DQDO\VLVD/DOLTXRWRI
%70$39L VROXWLRQZDVZLWKGUDZQXQGHUR[\JHQIUHHFRQGLWLRQVDQGGLOXWHGZLWK/RI
DHUDWHG'26LPLODUO\D/DOLTXRWRI%70$3)FVROXWLRQZDVGLOXWHGZLWK/RI'2
WKHQMXVWHQRXJKVROLG1D62ZDVDGGHGWRUHPRYHDOOWUDFHVRISDUDPDJQHWLF%70$3)FWR
IDFLOLWDWH105DQDO\VLV

)LJXUH6VKRZVWKH105VSHFWUDRIWKHWZRHOHFWURO\WHVROXWLRQVDIWHUYDULRXVWUHDWPHQWV1R
WUDFH RI %70$3)F FRXOG EH GHWHFWHG LQ WKH%70$39L UHVHUYRLU RU YLFH YHUVD ZKLFK LV
FRQVLVWHQW ZLWK WKH ORZ SHUPHDELOLW\ RI WKH UHDFWDQWV DFURVV WKHPHPEUDQH DV GHWHUPLQHG RQ
3DJH6,QDGGLWLRQQRGHFRPSRVLWLRQRIUHGXFHG%70$3)FR[LGL]HG%70$3)FUHGXFHG
%70$39LRUR[LGL]HG%70$39LFRXOGEHVHHQZKHQF\FOLQJZDVFRQGXFWHG LQDQDUJRQ
ILOOHGJORYHER[6HH0DLQ7H[W)LJXUHIRUH[SHULPHQWDOGHWDLOV

:KHQWKHFHOOZDVF\FOHGLQDQLWURJHQILOOHGJORYHEDJVHH)LJXUH6DSSUR[LPDWHO\RI
%70$39L ZDV IRXQG WR KDYH GHFRPSRVHG WR1WULPHWK\ODPPRQLRSURS\O¶GLS\U\G\O
GLFKORULGH 070$3 DQG K\GUR[\SURS\OWULPHWK\ODPPRQLXP FKORULGH DIWHU F\FOLQJ KDG
FRQFOXGHG 6HH 3DJH 6 IRU WKH V\QWKHVLV RI070$3 7KH H[WHQW RI GHDON\ODWLRQ ZDV
FRQVLVWHQWZLWK WKHFDSDFLW\RI WKHFHOODW WKHVWDUWRIF\FOLQJFRPSDUHG WRZKDW LW VKRXOGKDYH
EHHQ:LWK P/ RI QHJRO\WH FRPSULVLQJ 0 RI%70$39L WKH FDSDFLW\ VKRXOG KDYH
EHHQDSSUR[LPDWHO\&EXWRQO\&ZDVDFFHVVLEOHDGHILFLWRI7KLVUHVXOWVXJJHVWV
WKDWK\GUR[LGHIRUPHGIURPFRQWDFWRIUHGXFHG%70$39LZLWKR[\JHQSULRUWRWKHFRPSOHWLRQ
RIWKHILUVWF\FOHDQGWRDOHVVHUH[WHQWIURPPRUHR[\JHQWKDWHQWHUVWKHV\VWHPIURPWKHJORYH
EDJHQYLURQPHQW LQVXEVHTXHQWF\FOHVZDVUHVSRQVLEOH IRU WKHGHFRPSRVLWLRQRI WKHPROHFXOH
7KLV K\SRWKHVLV LV VXSSRUWHG E\ WKH REVHUYDWLRQ WKDW WKH F\FOHG HOHFWURO\WH VKRZHG QR IXUWKHU
GHFRPSRVLWLRQ ZKHQ VWRUHG LQ D VHDOHG FRQWDLQHU DW  62& XQGHU 1 ZLWKRXW F\FOLQJ
)XUWKHUPRUH DV QRWHG HDUOLHU QR GHFRPSRVLWLRQ RI %70$39L ZDV VHHQ E\ 105 ZLWKLQ
LQVWUXPHQW HUURUZKHQ WKH F\FOLQJZDV SHUIRUPHG LQ DQ DUJRQILOOHG JORYH ER[ LQVWHDG RI WKH
JORYHEDJ,WPXVWEHQRWHGWKDW+105JHQHUDOO\KDVDSUDFWLFDOGHWHFWLRQOLPLWRIaZLWK
UHVSHFW WR WKH PDMRU DQDO\WH JLYHQ WKH ORZ FDSDFLW\ IDGH RI WKH %70$39L%70$3)F
FKHPLVWU\ LGHQWLILFDWLRQ DQG GHWDLOHG FKDUDFWHUL]DWLRQ RI RWKHU PLQRU GHFRPSRVLWLRQ SURGXFWV
EHVLGHV070$3E\105LVGLIILFXOW
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)LJXUH 6 (YDOXDWLRQ RI WKH FKHPLFDO VWDELOLW\ RI %70$39L OHIW VSHFWUD DQG
%70$3)FULJKWVSHFWUDLQERWKWKHLUR[LGL]HGDQGUHGXFHGIRUPV7KHSUHVHQFHRID
VPDOO DPRXQW RI SDUDPDJQHWLF LPSXULW\ LQ VRPH %70$3)F VDPSOHV UHVXOWV LQ WKH
EURDGHQLQJRIVRPHSHDNVLQLWV105VSHFWUXP 
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*HQHUDO LQIRUPDWLRQ IRU V\QWKHVLV +105DQG&105VSHFWUDZHUH UHFRUGHGRQ9DULDQ
,129$ VSHFWURPHWHUV105VSHFWUDZHUH UHFRUGHG LQ VROXWLRQVRIGHXWHUDWHG FKORURIRUP
&'&OZLWKWKHUHVLGXDOFKORURIRUPSSPIRU+105DQGSSPIRU&105WDNHQ
DV WKH LQWHUQDO VWDQGDUG GHXWHUDWHG GLPHWK\O VXOIR[LGH '062GZLWK WKH UHVLGXDO GLPHWK\O
VXOIR[LGHSSPIRU+105DQGSSPIRU&105WDNHQDVWKHLQWHUQDOVWDQGDUGRU
GHXWHULXPR[LGH'2ZLWKGHXWHULXPK\GUR[LGHSSPIRU+105WDNHQDVWKHLQWHUQDO
VWDQGDUGDQGZHUHUHSRUWHGLQSDUWVSHUPLOOLRQSSP$EEUHYLDWLRQVIRUVLJQDOFRXSOLQJDUHDV
IROORZVVVLQJOHWEVEURDGVLQJOHWGGRXEOHWWWULSOHWTTXDUWHWGGGRXEOHWRIGRXEOHWGGG
GRXEOHWRIGRXEOHWRIGRXEOHWGWGRXEOHWRIWULSOHWPPXOWLSOHW

$OO UHDFWLRQV XWLOL]LQJ DQK\GURXV VROYHQWVZHUH FDUULHG RXW LQ IODPHGULHG JODVVZDUH XQGHU DQ
DUJRQ DWPRVSKHUH :KHQ HPSOR\HG DQK\GURXV VROYHQWV ZHUH SDVVHG WKURXJK FROXPQV RI
DFWLYDWHGDOXPLQDLPPHGLDWHO\EHIRUHXVH$OORWKHUVROYHQWVDQGUHDJHQWVZHUHSXUFKDVHGIURP
6LJPD$OGULFK$OID$HVDURU2DNZRRG&KHPLFDODQGZHUHXVHGDVUHFHLYHGXQOHVVRWKHUZLVH
VSHFLILHG
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JPPRORIEURPRFKORURSURSDQHZDVVWLUUHGZLWKP/PPRORID
0VROXWLRQRIWULPHWK\ODPLQHLQHWKDQRO$IWHUVWLUULQJDWURRPWHPSHUDWXUHIRUKRXUVWKH
UHDFWLRQPL[WXUHZDVGLOXWHGZLWKaP/RIPHWK\OWHUWEXW\OHWKHU07%(DQGWKHVXVSHQGHG
VROLGFROOHFWHGE\YDFXXPILOWUDWLRQ7KHVROLGZDVULQVHGZLWK07%(DQGGULHGLQYDFXRWRJLYH
WULPHWK\OFKORURSURS\ODPPRQLXP EURPLGH  <LHOG J  RI D ILQH ZKLWH
SRZGHU7KLVPDWHULDOZDVXVHGZLWKRXWSXULILFDWLRQLQWKHIROORZLQJVWHS

J RI  DQG J PPRO RI ¶GLS\ULG\O ZHUH VXVSHQGHG LQ aP/ RI
DQK\GURXV'0)DQGKHDWHGWRUHIOX[XQGHUDUJRQ8SRQKHDWLQJDOOVROLGVGLVVROYHGIROORZHG
VKRUWO\DIWHUE\ WKH IRUPDWLRQRID ODUJHDPRXQWRISDOH\HOORZSUHFLSLWDWH$IWHUKHDWLQJIRU
KRXU WKH UHDFWLRQ PL[WXUH KDG SDUWLDOO\ VROLGLILHG DQG KDG WXUQHG JUHHQLVK 7KH UHDFWLRQ ZDV
FRROHG WR URRP WHPSHUDWXUH ZKHUHXSRQ aP/ RI LVRSURSDQRO ZDV DGGHG DQG WKH VROLG
PDWHULDOZDV WULWXUDWHGXQWLOQR WUDFHRIJUHHQFRORUDWLRQ UHPDLQHG7KHVROLGZDVFROOHFWHGE\
YDFXXPILOWUDWLRQULQVHGZLWKLVRSURSDQROWKHQDFHWRQHWKHQILQDOO\GULHGLQYDFXR WRJLYH
WULPHWK\ODPPRQLRSURS\OYLRORJHQGLEURPLGHGLFKORULGH<LHOGJRIDSDOH
\HOORZSRZGHU

$ VROXWLRQ RI J PPRO RI  LQ aP/ RI GHLRQL]HG +2 ZDV SDVVHG WKURXJK
aNJ RIZHW$PEHUOLWH ,5$ UHVLQ FKORULGH IRUP 7KH UHVLQZDVZDVKHGZLWK a/ RI
GHLRQL]HG +2 XQWLO WKH HOXWHG VROXWLRQ SURGXFHG QR SUHFLSLWDWH XSRQ WHVWLQJ ZLWK DTXHRXV
$J127KHHOXWHGVROXWLRQZDVHYDSRUDWHGLQYDFXR WRJLYHSXUHWULPHWK\ODPPRQLRSURS\O
YLRORJHQWHWUDFKORULGH%70$39L<LHOGJRIDQRIIZKLWHGHOLTXHVFHQWVROLG

+1050+]'2įG+G+W+P+V+
P+&105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1RWH ,I DQK\GURXV0H&1 LV XVHG LQVWHDG RI DQK\GURXV '0) DQG WKH UHDFWLRQZRUNHG XS DV
VSHFLILHG WULPHWK\ODPPRQLRSURS\O>
ELS\ULGLQ@LXP EURPLGH FKORULGH 070$3
LVREWDLQHGDV WKHRQO\SURGXFW$V WKHPDLQGHJUDGDWLRQSURGXFWRI%70$39L LWV +105
VSHFWUXP ZDV REWDLQHG IRU ODWHU VWXGLHV RQ WKH FKHPLFDO VWDELOLW\ RI %70$39L + 105
0+]'2įG+G+G+G+W+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+V+P+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
JPPRORI$O&OZDVVXVSHQGHGLQaP/RIDQK\GURXV&+&O$VROXWLRQRI
JPPRORIFKORURSURSLRQ\OFKORULGHLQaP/RIDQK\GURXV&+&OZDVDGGHG
E\V\ULQJHDQGWKHPL[WXUHVWLUUHGDWURRPWHPSHUDWXUHIRUKRXUV2QFHWKLVZDVFRPSOHWHWKH
UHVXOWLQJ VOLJKWO\ WXUELG JROGHQ\HOORZ VROXWLRQZDV WUDQVIHUUHGYLD FDQQXOD LQWR DQRWKHU IODVN
ZKLFK KDG EHHQ FRROHG WR & FRQWDLQLQJ D VROXWLRQ RI J PPRO RI IHUURFHQH LQ
aP/RIDQK\GURXV&+&O$IWHUVWLUULQJRYHUQLJKWWKHUHDFWLRQPL[WXUHZDVDJDLQFRROHGWR
&DQGDVROXWLRQRIP/RI01D%+PPROLQDQK\GURXVGLJO\PHZDVDGGHG
YLD FDQQXOD DQG VWLUULQJZDV FRQWLQXHG IRU D IXUWKHU  KRXUV )ROORZLQJ WKDW WKH UHDFWLRQZDV
FDUHIXOO\ TXHQFKHG E\ WKH DGGLWLRQ RI aP/ RI 0 DTXHRXV+&O 7KH RUJDQLF SKDVHZDV
LVRODWHG DQG WKH DTXHRXV SKDVH H[WUDFWHG ZLWK &+&O  î P/ 7KH H[WUDFWV ZHUH
FRPELQHG GULHG RYHU DQK\GURXV1D62 ILOWHUHG DQG HYDSRUDWHG WR JLYH WKH FUXGH SURGXFW RI
¶ELVFKORURSURS\OIHUURFHQH<LHOGJRIDUHGEURZQRLO

+1050+]'062GįP+W+P+P+&
1050+]'062Gį

JPPRORIFUXGHZDVGLVVROYHGLQaP/RID0VROXWLRQRIWULPHWK\ODPLQH
LQHWKDQRO7KHVROXWLRQZDVVHDOHGLQDKHDY\ZDOOHGJODVVWXEHDQGKHDWHGWR&IRUGD\V
)ROORZLQJWKDWDOOYRODWLOHVZHUHUHPRYHGLQYDFXRWRJLYHDGDUNEURZQRLO7KHRLOZDVVWLUUHG
LQ +2 aP/ DQG ILOWHUHG WR UHPRYH XQUHDFWHG IHUURFHQH DQG RWKHU ZDWHULQVROXEOH
LPSXULWLHV 7KH ILOWUDWH ZDV HYDSRUDWHG LQ YDFXR WR JLYH SXUH %70$3)F <LHOG J
RIDGDUNEURZQJODVV\VROLG,IWKLVVWHSLVSHUIRUPHGZLWKFROXPQSXULILHG¶ELV
FKORURSURS\OIHUURFHQH QR IXUWKHU SXULILFDWLRQ LV UHTXLUHG DIWHU HYDSRUDWLQJ DOO WKH VROYHQW ,I
VWDUWLQJIURPSXULILHG%70$3)FLVREWDLQHGDVDQRUDQJH\HOORZSRZGHU

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P
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PPRO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PPRO RI 
FKORURSURS\ODPLQH K\GURFKORULGH PJ PPRO RI F\DQRHWKR[\
R[RHWK\OLGHQDPLQRR[\GLPHWK\ODPLQRPRUSKROLQRFDUEHQLXPKH[DIOXRURSKRVSKDWH&208DQG
PJPPRORI',3($ZHUHVWLUUHGLQP/RI'0)$IWHUKRXUVWKHUHDFWLRQZDV
GLOXWHGZLWKP/RI(W2$FWKHQZDVKHGVXFFHVVLYHO\ZLWK01D2+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 WKHQILQDOO\DTXHRXV
/L&O  î P/ 7KH RUJDQLF SKDVH ZDV GULHG RYHU DQK\GURXV 1D62 ILOWHUHG DQG
HYDSRUDWHGWRJLYHSXUH<LHOGPJRIDQRUDQJH\HOORZSRZGHU

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